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Fate of PeV photons

Pair production on background radiation
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Extragalactic PeV photons
cascade,
degrade in energy,
contribute to the diffuse
~(1-100) GeV background

Galactic PeV photons
reach the observer
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Why to expect any PeV photons?

P, P | ve
[ % / lceCube, Baikal-GVD
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i

v’ High-energy (E>100 TeV) neutrinos are accompanied by HE photons (if from 7
mesons)
v’ Cascades on CMB|:> strong suppression for extragalactic sources

Searches for the HE photons distinguish between galactic and extragalactic origins
of high-energy astrophysical neutrinos
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How to find PeV photons?

* PeV photons produce extensive air showers in the atmosphere

* Low fluxes, need an EAS array like those used for cosmic-ray searches
* Need to separate primary photons from cosmic-ray protons/nuclei

* The best separation strategy: muons

-ray air showers are muon-poor
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EAS+muon detector installation

Carpet-2: air-shower array @ Baksan Neutrino Observatory
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EAS+muon detector installation

Carpet-2: air-shower array @ Baksan Neutrino Observatory

v’ surface scintillator detector
v’ 175 m? muon detector (E >1 GeV)
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Search for PeV photons with Carpet
-ray showers are muon-poor

Capet-z = =
Dataset | 100" relininary S &
(target E>1 PeV)
¢ 1999-2011
* 3080 days live =
+ 115821 events o § = 50%
* 35 photon candidates y-ray
R P candidates
photon candidate cuts from Monte-Carlo: 108 / 108
v min N, to include 90% of E>PeV photons 7
v'max n /N, to include % of E>PeV photons °
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Search for PeV photons with Carpet
-ray showers are muon-poor

Dataset |

(target E>1 PeV)
¢ 1999-2011
* 3080 days live
* 115821 events
* 35 photon candidates

photon candidate cuts from Monte-Carlo:
v min N, to include 90% of E>PeV photons
v'max n /N, to include % of E>PeV photons
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Dataset I|

(target E>0.3 PeV)
«2018-2019
* 342 days live
* 25876 events
* 386 photon candidates
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Search for PeV photons with Carpet
y-ray efficiency
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Search for PeV photons with Carpet, results

* first ever skymaps of excesses of E>300 TeV photon candidates

Dataset I: “cosmic-ray friendly”, Dataset II: “gamma-ray friendly”,
E>1 PeV i E>0.3 PeV

| 8o

1999-2011 Carpet-2 pre/iminary 2018-2019

Carpet-2, ICRC 2019 [arXiv:1907.10893]
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Search for PeV photons with Carpet, results

* point sources:

correlate arrival direction of photon candidates with source positions in the sky
» pre-defined list of 4 sources
» stacked arrival directions of IceCube events
» lceCube alerts (direction+time)

e diffuse flux:
need to be careful with hadronic backgrounds, more Monte-Carlo to come
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Stacked arrival directions of IceCube events

34 |ceCube tracks
in the Carpet field of view

* expected y candidates: 38.1

* observed y candidates: 34

stacked flux limit:
<1.4x107 1% cm=2st?
(90% CL)

Carpet-2, JETPL 2018 [arXiv:1812.02662]
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Direction+time: IceCube alerts

Only one IceCube track in the (live) Carpet field of view

16/12/10 UT 20:07:16 RA=46,58"° DEC=+14,98°

* +3 days, observed Y candidates: O
E>PeV Y fluence limit: <0.2 GeV cm™ (90% CL, E?)

Carpet-2, JETPL 2018 [arXiv:1812.02662]
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Predefined point sources —
| Carpet-2 preliminary |

Source Dataset I: £y > 1 PeV Dataset II: £, > 0.3 PeV
name  expected observed flux,cm2s~! expected observed flux,cm2s”!
Crab 0.69 0 < 4.69 x 10713 0.95 4 <1.57 x 1071
CygX-3  1.75 2 <3.00x 1071 2,08 1 < 1.83x 10712
Mrk 421 1.59 5 <632x 1077 1.90 4 <5.45x 10712
Mrk 501 1.70 0 <88x 107 1.93 1 <2.00x 10712

Table 1: Results of the photon search from four predefined sources. Flux upper limits are 95% CL.

Carpet-2, ICRC 2019 [arXiv:1907.10893]
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Search for (sub)-PeV photons with Carpet-2,
final results to come very soon:

e diffuse flux (expected sensitivity similar to CASA-MIA with our old data)
 Galactic plane
e various dark-matter searches:
» Galatic dipole
» dwarfs
» the Sun (weird DM models)
* unknown point sources (clustering) - new classes? DM clumps?...

* point sources:
correlate arrival direction of photon candidates with source positions in the sky
» pre-defined list of 4 sources, continued monitoring
» HAWC E>0.1 PeV sources
» stacked arrival directions of IceCube events, updated
» lceCube alerts (direction+time), updated
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Upgrade to Carpet-3

* 410 m? muon detector (versus 175 m?)
* increased surface area
* new muon detector starts data taking (first light, September 25, 2019)

P % /.
= A 7 LA

Target: diffuse photons above 100 TeV
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Expected sensitivity to diffuse photons
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Conclusions

 motivation to search for PeV photons
v'IlceCube+Baikal neutrinos, origin unclear

A first ever results for E>0.3 PeV photons
v' association with IceCube events
v’ selected point sources (Crab, Cyg X-3, Mrk 501, Mrk 421)
v’ excess skymaps
v more to come

 Carpet-3 upgrade and diffuse fluxes to come soon!

STAY TUNED!
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Tests of IceCube results: Baikal-GVD

* Baikal-GVD: ~ IceCube by 2021, 5/8 taking data
* Northern hemisphere
* fresh water — better angular resolution than ice
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Tests of IceCube results: Baikal-GVD

Event 2016: E=157 TeV, 0 = 57°, ¢ = 249°
x=-25m, y=-37m, z=11m, p=44m

Selected hits (53 hits)

MJD 0.575074357292E+05 RA 173.4° Dec  13.95°

Baikal-GVD, ICRC-2019

Astrophysical neutrino candidates (one event was selected in 2019 data)

Date E,TeV | Zenith | Azimuth T unix
degree degree

16.11.2016 107.2 131 139.5 1447637711
29.04.2016 157 57 249 173.4 14.0 1461925647
21.08.2018 153 49 57 231.7 49.1 1534868736
24.10.2018 107 69 112 41.3 0.7 1540416000
15.02.2019 339 67 350 68.4 61.9 1550278144

Number of cascade events (5 above 100 TeV) -
in agreement with the IceCube flux

i)
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IceCube: E>60 TeV neutrinos

* +/- isotropic flux of high-energy (60 TeV — a few PeV) neutrinos
* no Galactic disk excess
* no clusters (no excess of doublets)

Plotted with the data from Padovani et al. [arXiv:1804.01386]
All published IceCube events by April 2018
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IceCube: E>60 TeV neutrinos

* a certain disagreement in spectra below and above ~200 TeV (two components?
North-South difference?)

1977

HESE-1

Energy flux, GeV/cm?/s/sr

HESE-2

102 103 10*
Neutrino energy, TeV

Plotted with the data from Ahlers, Halzen [arXiv:1805.11112]
IceCube 6 years
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IceCube: E>60 TeV neutrinos

* excitement with a 3-sigma (?) coincidence with a blasar flare
* <7% of events can come from such blazars (tunable to 15%)

1 i TR 4 ‘ A ) ';,.:--:s.
Chasing theammonia | Time invested r Two spindles are better
economy p. 120 i rats,and huma than one pp. 128 & 189

. . :"';' ;"7? [ > > : . .
% o * 1 event coincided, 44 — not...
‘ :el “ e :"’"‘" * no clusters of events
v AAAS

e gamma-ray constraints

./ NEUTRINOS,/
./ FROMABLAZAR

\ [ Multimessenger observations
of an astrophysical neutrino
source pp. 115,146, & 147
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IceCube

* +/- isotropic flux of high-energy (60 TeV — a few PeV) neutrinos
* no Galactic disk excess

* if extragalactic origin, then problems with the Fermi-LAT diffuse gamma-ray
background

» excitement with a 3-sigma coincidence with a blasar flare, but <7% (tunable to
~15%) of the flux from blazars

* a certain disagreement in spectra below and above ~200 TeV (two components?)
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IceCube

* the low-energy component should be Galactic to avoid Fermi-LAT constraints!

e diffuse flux:
v’ dark matter? heavy dark matter decays
v’ cosmic-ray interctions with circumgalactic gas
v’ local source? “local bubble”

* numerous point sources? DM clumps?
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Isotropic Galactic neutrinos?

* the low-energy component should be Galactic to avoid Fermi-LAT constraints!

4]
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Isotropic Galactic neutrinos?

* the low-energy component should be Galactic to avoid Fermi-LAT constraints!

+-
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Photon cascades

Pair production on background radiation
Nikishov 1962

pair-production cross section ("F):
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Photon cascades
Pair production on background radiation
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Gamma-ray predictions
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Baksan Neutrino Observatory, a branch of INR RAS

INTERNATIONAL JOURNAL OF HIGH-ENERGY PHYSICS

CERN

VoLume 57 NumBER 5 JunEe 2017

CERN Courier June 2017

Baksan Neutrino Observatory

1d the Ne e, from across the valley.

Northern Caucas

View of the Andyrchi mountain near Mount Elbrus in

Baksan scales new
neutrino heights

Onits 50th anniversary, the world’s first underground lab built exclusively for science, the
Baksan Neutrino Observatory in Russia, remains at the forefront of neutrino research.

BEAM BAC’

Baksan Neutrino:

Observatory

ontherise Vrkshop calls for international
p39 BT co-ordination p7
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Baksan Neutrino Observatory, a branch of INR RAS

* SN 1987A neutrinos detected with BUST
* solar pp neutrinos detected with SAGE

* jets with high p; — Carpet before CERN SPS
* lunar soil isotope analysis in low-background labs

past

taking completed on October 14

* BUST still waiting for a SN...

e ultra-low-background labs, axion search etc.

e BEST — eV sterile neutrino search with a neutrino source and gallium, data

» Carpet-2 PeV gamma rays + Carpet-3 starts data taking this month

present

or 1xARGO:
v solar CNO neutrinos
v’ geoneutrinos

* New Baksan Neutrino Telescope project, 10xBorexino

future

v’ diffuse supernova neutrino background

PeV photons @ Carpet // Sergey Troitsky
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